Using data from Brazil's Monthly Employment Survey (PME) this paper analyzes employment patterns of Brazilian children and youth from 1982 to 1998. The paper documents substantial declines over this period in the proportion of boys and girls who are working, with most of the decline occurring during the 1990s. Taking advantage of the longitudinal structure of the PME, the paper analyzes transition rates in and out of employment for young workers. The results indicate relatively high volatility in employment, with both higher exit rates and lower entry rates responsible for the decline in youth employment. The paper examines the extent to which these relatively frequent transitions in and out of employment are affected by economic shocks to the household. In particular, the paper presents regressions analyzing the impact on child employment of an adult household member becoming unemployed. 
Introduction
One of the concerns about economic volatility in developing countries is that it may induce responses from households that have negative long-term consequences. One response that generates particular concern is potential increases in the labor force activity of young people in response to negative economic shocks to households. If households are not able to buffer shortterm economic downturns then children may be sent to work, potentially causing disruptions in their schooling or other possible negative effects of child labor. In addition to direct policy concern over the effects of economic shocks on child labor, researchers may be interested in whether such effects exist because of what they reveal about the ability of households to smooth transitory economic shocks. If an adult becoming unemployed leads to increased work activity by children, this may indicate that households are not able to fully insure against short-term income volatility. The extent to which households can buffer against short-run shocks is an important issue in thinking about the policy implications of economic crises such as those experienced in Latin America during the 1980s or more recently in East Asia.
Brazil is an interesting country in which to analyze the relationship between household economic shocks and child employment. Brazil has had relatively high levels of child employment, especially considering the country's relatively high per capita income. As we will see below, employment rates for 14 year-old boys were around 25% in the 1980s. Concern that high rates of youth employment may be competing with schooling are reinforced by Brazil's poor schooling performance in recent decades (Birdsall and Sabot 1996) . Brazil's case is also interesting because of the substantial economic volatility experienced during the 1980s and 1990s. After two decades of rapid economic growth in the 1960s and 1970s, the country experienced an economic crisis in the early 1980s, followed by large fluctuations that left per capita income in 1990 at roughly the 1980 level. A final and important attraction of studying these issues in Brazil is that the country has excellent household survey data. In this paper we exploit an extremely rich source of data on youth employment spanning most of two decades in Brazil. The data include a longitudinal component that allows us to observe month-to-month transitions in and out of employment by all household members age ten and over. We begin by using these data to describe trends in youth employment from 1982 to 1998. We then estimate transitions in and out of employment, demonstrating the extent to which differences between males and females and trends over time are attributable to differences in entry rates versus exit rates.
Brazil's Monthly Employment Survey
The empirical analysis in this paper uses Brazil's Monthly Employment Survey, the Pesquisa Mensal de Emprego (PME). This survey is collected monthly by the Instituto Brasileiro de Geografia e Estatística (IBGE), providing the major source of information on employment and unemployment. The PME survey is organized with a panel structure similar to the United States Current Population Survey. Respondent households are surveyed once a month for four consecutive months, rotate out of the sample for eight months, and then rotate back in for four final months. Beginning in February 1982 the PME includes questions on earnings, hours, education, economic activity during the previous week, occupation, job search, and relationship to household head for everyone in the household age 10 and over. The employment and job search questions are quite detailed, including questions on length of unemployment spells, reason for leaving last job, and receipt of unemployment compensation.
The PME is a random sample of households in six major metropolitan areas of Brazil -Rio de Janeiro, São Paulo, Porto Alegre, Belo Horizonte, Recife, and Salvador. The PME surveys about 35,000 households each month, with 4500 to 7500 households in each of the six metropolitan regions included in the sample. The PME provides data on the employment and earnings of all individuals in the households age 10 and over. Our analysis is based on PME surveys from February 1982 through May 1998. The samples are large enough to allow us to look at single year of age males and females in each city, a valuable feature of the data given potentially large differences by city, age, and gender in youth employment. We observe, for example, an average of about 190 boys and 190 girls age 14 in São Paulo and about 150 boys and 150 girls age 14 in Salvador in any given month between 1982 and 1998. While these numbers are not large enough to eliminate volatility in monthly estimates, they give us a good picture of trends in labor force outcomes and provide a sound basis for the regression analysis presented below. Figure 1 shows the employment rate for 14 year-old boys and girls in two Brazilian cities, São Paulo and Salvador, from 1982 to 1998, using the data from the PME.
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1 São Paulo, the largest city in Brazil, is located in the highly industrialized southeastern part of Brazil, while
Salvador is located in the much poorer northeastern state of Bahia. Monthly estimates for a single year of age in a single city are highly volatile due to small sample sizes, so the plots show 5-month moving averages of the percentage working in each month. Figure 1 shows that employment rates of 14 year-olds in Brazil have been relatively high, with over 20% of boys and over 10% of girls working in the early 1980s in both cities. Figure 2 shows employment rates for 16 year-olds for the same two cities. It is striking that these rates reach levels over 60% for boys, and 40% for girls, in São Paulo in the 1980s. For both age groups employment rates are higher in São Paulo than in Salvador in all periods, suggesting that demand-side effects of greater employment opportunities may be more important than labor supply effects resulting from Salvador's lower income levels. This is consistent with the argument of that poverty does not seem to be the driving cause of high child employment rates in Brazil, given the regional pattern in child labor. The decline in employment in São Paulo doesn't begin until around 1990, followed by fairly 1 The classification of individuals as employed is based on the answer to a question about their principal activity during the week before the survey. In the case of individuals indicating more than one activity (such as work and school), interviewers were instructed to mark the activity that appears first on the questionnaire, with working being the first activity listed. Although this question will indicate children involved in both work and school as working, it is possible to identify these children from a separate question about schooling. steady declines during the 1990s. By 1998 the employment rate for 16 year-olds in São Paulo is around 30% for boys and 20% for girls.
Estimating Labor Force Transitions
While the PME's rich detail on employment trends over two decades are extremely valuable, an even more intriguing feature of the data is the ability to follow labor force transitions of all individuals age 10 and over. In analyzing labor force transitions it is useful to think of a simple Markov process as a starting point for interpretation. Consider a Markov process governing transitions into and out of employment across months for a constant population, with constant probabilities of entry and exit that do not depend on past history. The proportion of the population working in month 2 is given by 2111 (1)
where wt is the proportion working in month t, p x is the probability of leaving employment, conditional on being employed in month 1, and p e is the probability of entering employment, conditional on not being employed in month 1. This Markov process will have a steady state in which w2= w1= wt. Solving for this steady state implies that
a simple relationship linking entry and exit rates to the proportion employed. While we do not expect Brazilian youth employment transitions to behave exactly like a Markov process, Equation (2) provides a useful way for analyzing differences in employment rates between groups or changes over time. Figure 3 shows estimates of monthly transitions in and out of employment for 14 year-old males and females in São Paulo and Salvador. For each month the PME data are used to calculate the proportion of children who change status from being employed one month to being non-employed in the following month. 2 We define the exit rate for month t as the number of 2 Here we classify all individuals as being either working or not. We do not distinguish between being unemployed (looking for work but not working) and being out of the labor force. children who change from employed in month t to non-employed in month t+1, divided by the number of children who were employed in month t. The entry rate is defined analogously based on those who move from not employed in month t to employed in month t+1. The figures shown are five-month moving averages. For 14 year-olds in São Paulo, we see that in the early 1980s the probability that a boy who is not working in month t is working in month t+1 is about 10%, while the entry rate for girls is about 5%. The probability that a working boy leaves employment by the next month is around 25%, with fairly similar estimates for girls. Thinking of Equation (2), we can consider whether the fact that girls' employment rates are roughly half those for boys, as noted in Figure 1 , is attributable more to differences in entry rates or differences in exit rates. We first note that for 14 year-old males around March 1983, p x is about 0.3 and p e is about 0.1, implying an employment rate from Equation (2) of 0.25, very similar to the rate actually observed. In fact, a calculation of predicted employment rates using the observed entry and exit rates and the Markovian relationship in Equation (2) turns out to track actual employment rates across all months extremely well. Using this approach, it appears that the lower employment rates for girls are explained almost entirely by the fact that girls have entry rates that are half those for boys. Exit rates are almost identical, which could be interpreted as indicating that girls who do enter employment have similar job attachment as boys.
The large decline in employment rates over time, shown in Figures 1 and 2 , appears to result from both decreasing entry rates and increasing exit rates. Comparing São Paulo with Salvador, we see that entry rates for 14 year-olds are fairly similar in the two cities, but exit rates are considerably higher in Salvador, rising to over 50% by the late 1990s. In other words, only half of the children who are working in a given month in Salvador in the late 1990s are still working the following month. In São Paulo the exit rates for both males and females are around 30% in the late 1990s, still a very high degree of labor force mobility. While all of these estimates may naturally be subject to measurement error, it seems unlikely that measurement error can explain either the large increases in exit rates over time or the differences between São Paulo and Salvador.
Econometric Issues in Analyzing Changes in Employment Status
We will analyze changes in binary outcomes (such as moving from working to not working) in estimating the effects of short-run shocks. This creates some methodological problems that have often been ignored in analysis of discrete responses using panel data. Consider the problem of estimating the effect of a change in the household head's income on a child's employment, conditional on the child being out of the labor force in the initial period. Suppose, in particular, that we are interested in looking at how the effect of changes in the head's income varies across different levels of the head's education. Abstracting from labor market imperfections, we will assume that as in the case of adults, children who do not work in the labor market reveal themselves to have a value of time (from either their own or their parents' perspective) that is higher than their potential market wage in that particular period. Suppose that the child's reservation wage in period t can be characterized as ,012,3,,
where Y P is the head's permanent income, y it is the head's transitory income in that period, X it is a set of characteristics and time-specific variables for the child and the family, µ i is a persistent random component reflecting family heterogeneity, and v it is a transitory stochastic component for that period. In a model of perfect foresight and perfect credit markets, such as Heckman and Macurdy (1980) , transitory income should have no effect on the reservation wage. In the presence of credit constraints, however, transitory income y it may affect the reservation wage, increasing it if children's schooling and/or leisure are normal goods. It is also important to keep in mind that "transitory" changes in wages of the head or other household members may affect the child's reservation wage even in the case of perfect credit markets, since they will imply price effects on intertemporal allocation decisions. The child's market wage is a function of observable and unobservable individual and family characteristics, plus a period-specific random disturbance,
Although Y P and y it presumably do not belong in the market wage equation, we note that correlated shocks to the head and the child may cause y it to be correlated with u it , an issue worth keeping in mind in analyzing the effects of income and employment shocks to the head on the child's labor supply. Denoting the difference between the reservation wage and the market wage by d it = r it -w it , we assume that d it =0 for children working in the labor market and that d it >0 for children who are not working in the labor market.
One issue we are interested in is the extent to which effects of income shocks are different for households at different socioeconomic levels. Suppose, therefore, that we compare the effect on the labor supply of children of shocks to head's income for heads with different levels of education. Assume that the log of the market wage and the log of the reservation wage for the ith child can be described as the mean log wage for children whose heads have schooling level s plus a normally distributed deviation from the mean, sisisi rrv =+ and sisisi wwu =+, where si r and si w are the mean log reservation wage and mean log market wage at schooling level s, and v i and u i are draws from zero mean normally distributed random variables (we suppress the t subscript for simplicity). The gap between the market wage and the reservation wage is 
Assuming no change in any child's market wage, the effect on the difference between the market wage and the reservation wage for each child is // iiii dyry ∂∂=−∂∂ . Referring to the distribution
Pdd φσ ∂∂= , the normal density evaluated at the threshold separating working from non-working children. An important point of Equation (7) is the role of the density (
This captures the fact that the responsiveness of P to shocks at the household level depends on the proportion of children who are at the margin of entering (or leaving) the labor force.
Consider two families from different socioeconomic levels, one in which the head has low schooling and one in which the head has high schooling. Suppose the probability of a child working in the less educated household is P=0.5, while in the better educated household P=0.2.
Even if all children experience an identical change in their reservation wage in response to some external shock, the observed change in employment rates depends on the proportion of children who are close to the margin of entering or leaving the labor force. If the variance in (w-r) is the same for both groups, then the group with P=0.5 will have a higher fraction of children at the margin, and will therefore exhibit a larger increase in the proportion of children working. This may erroneously be interpreted as a greater sensitivity of reservation wages to the shock.
In the case of labor force transitions, we will often want to condition children's behavior on their initial labor force status. For example, we will want to look at labor force entry, using only the sample of children who are out of the labor force in some initial period. In this case we are looking not at the change in the proportion of children in the labor force, but at the proportion of children currently out of the labor force who enter in response to some shock. It is important to take account of the initial conditions, especially when comparisons are made across population sub-groups. For an ε increase in the head's income, the proportion of children who enter employment, conditional on initially being non-employed, will be
It is clear from Equation (8) that the sensitivity depends on the fraction of non-working children who are on the margin of entering. This fraction is given by the second term in brackets on the right-hand side of Equation (8), which is the hazard rate or inverse Mill's ratio evaluated at the threshold dividing working from non-working children. It is a property of the normal distribution that the hazard rate φ(x)/ [1-Φ(x) ] is monotonically increasing in x. In this example this means that the fraction of non-working children who are on the margin of entering the labor force increases as the fraction of children who are working increases. This implies that an equivalent reduction in the reservation wage would cause a larger proportion of non-working children to enter the labor force, the larger the initial fraction working. If two groups of children have the same variance in reservation wages, the group with the larger fraction working will show a larger proportion of non-working children enter the labor force in response to a given change in the reservation wage. If the variance in the reservation wage is different across the two groups, then in general it will be difficult to make predictions about this component of labor supply response.
To analyze exit rates out of employment we simply use the fraction working as the reference group, that is, use Φ rather than (1-Φ) in the denominator of Equation (8). This changes the sign of the result, implying that exit rates will be higher for those with the lower initial employment rate. The intuition of these results is straightforward. Assuming a normal distribution for the difference between market wages and reservation wages, in a group with a high employment rate those who are not working will on average be relatively close to the margin of entering employment. A given increase in the market wage will therefore cause a relatively high fraction of the non-working to start working. For the same group, those who are working will on average be relatively far from the margin of leaving employment. A given decrease in market wages will therefore induce relatively low numbers of exits.
While the sensitivity of labor force entry and exit to the initial fraction employed appears straightforward, it does not seem to have been taken into account in much of the "added worker"
literature. It is especially important when effects are estimated using employment transitions, such as in Lundberg's (1985) analysis of the labor supply of wives. The implication for our analysis is that comparisons of labor force entry or exit rates across children (or other household members) with different socioeconomic characteristics does not necessarily provide a clear signal about the responsiveness of reservation wages to some given shock. The problem is essentially one of unobserved heterogeneity. Non-working children (or women) with different characteristics can be expected to differ systematically in the gap between reservation wages and market wages.
The qualitative predictions derived above can be made more precise by exploiting another important property of the normal distribution. This property implies that if we evaluate the hazard rate at two points on the cumulative distribution, F1 and F2, the ratio of the two hazard rates is invariant to the variance of the distribution. Formally, if λ(F1) is the inverse Mill's ratio
then the ratio λ(F2)/λ(F1) is a constant that is invariant to the mean and variance of the underlying distribution 5 . This is a powerful result, because it means that we can make predictions about the relative hazard rates at different points on the distribution without having to make assumptions about the mean and variance of the distribution. and the employment rate for 14 year-old girls is 10%, then if all other factors affecting entry and exit are identical, we would expect an identical reduction in reservation wages to cause a 1.8 times larger entry rate for boys than for girls. This difference results entirely from the differences in the fraction of each group that is close to the margin of entering, given the fraction initially working. If there are differences in the magnitude of changes in the reservation wage, then this will be an additional source of differences in entry rates. As noted in Figure 1 , we see employment rates of roughly 20% for boys and 10% for girls in Salvador in the early 1980s. The results in Figure 2 show entry rates for boys that are roughly double those for girls, results that are broadly consistent with the predicted differences in hazard rates.
Given the relatively low initial levels of employment for 14 year-olds, it turns out that there is a smaller difference in exit rates than there is in entry rates. We can read Table 1 in the opposite direction to infer entry rates, comparing girls who are 90% non-employed to boys who are 80% non-employed. This implies that the exit rate for girls will be 1.25 times higher than the exit rates for boys, a smaller difference than predicted for entry rates. Looking at Figure 2 , we see that exit rates are generally higher for girls in São Paulo, though they are often higher for boys in Salvador.
These predictions about relative entry and exit rates focus entirely on the second term on the right-hand side of Equation (8), which is the term describing the fraction of a group that is near the margin of entering employment. The first term on the right-hand side of Equation (8) is the piece that relates more closely to conventional arguments about the sensitivity of different groups to transitory shocks. These issues will be analyzed in more detail below, when we estimate regressions analyzing the determinants of entry and exit rates.
Labor Force Transitions by Mother's Education
A simple way of classifying children by socioeconomic status is to use mother's education.
Mother's education is non-missing for a high proportion of children, since mothers are much less likely to be absent than fathers, and since we do not require that a measure of income be available. Given the high correlation in mother's and father's schooling and the high explanatory power of schooling in explaining both men's and women's earnings in Brazil (Lam and Schoeni, 1993 ), mother's education is an attractive variable to use for descriptive analysis of socioeconomic differentials in child employment. Figure 4 shows employment rates for 14 yearold boys and girls in São Paulo divided into two groups -those whose mothers have 4 years of schooling or less, and those who have more than 4 years of schooling. This roughly divides the sample in half at the end of the period. Not surprisingly, children whose mother's are in the lower half of the schooling distribution are more likely to work, though the differences are considerably larger for boys than for girls. Table 5 shows entry and exit rates for 14 year-old boys in São Paulo for the same two groups. Entry rates are considerably higher for boys whose mothers have less education. While this might be interpreted as evidence that these families are more sensitive to shocks, the results above show that this result could also be explained simply by the fact that this group has higher fractions employed in every period, implying that the non-employed group is closer to the margin of entering employment. Turning to exit rates in the lower panel, a dominant feature of the graph is the high volatility in estimated exit rates for the higher education group. This is the result primarily of the low numbers observed working in the sample in any given month, and probably does not represent actual higher volatility. Abstracting from this monthly volatility, the exit rates appear to be relatively similar for the two groups.
Preliminary Regression Results
We follow children over the first four month period of interviews to examine the effect of changes in the transitory income of the household head on the children's labor supply. Both the entry of children into the labor force and exit from the labor force are examined. Our regression sample includes 14-16 year olds who are coded as either the children of the male household head, or coded as another relative of the male head. For simplicity we will occasionally refer to the male household heads as "fathers" since this is the case for over 90% of the sample. 6 Specifically we focus on the effect of the father becoming unemployed, provided he was employed in the first interview. Since we have data for 4 months we examine the effect of not only the contemporaneous shock, but also lagged shocks. The dependent variable varies according to the child's labor force status in the third month and refers to the child's transition from the third to the fourth month. For example, we examine the probability the child enters the labor force in the fourth month, for all children who are out of the labor force in the third month. While the dependent variable examines only one transition period of the child, the transitions of the head of the household are based on the patterns of the head's employment status over the 4 month period. Table 2 shows the mapping of the 27 possible transitions over the 4 interviews, with E denoting employment, U denoting unemployment and N denoting non-participation in the labor force.
The effect of the contemporaneous shock (designated as lag 0) compares the probability of children's entry for "fathers" who have the pattern "EEEU" to "fathers" who remain employed "EEEE"(the omitted category). In other words, does the child enter the labor force in month 4, when the "father" becomes unemployed in month 4. The variable indicating that the head became unemployed with a 1 period lag, signifies that the head became unemployed in period three while the 2 period lag signifies that the head became unemployed in period 2. The cases for which non-participation in the labor force (N) follows the unemployment shock are classified into the unemployment shocks since these fathers may be discouraged workers. However if inactivity preceeds unemployment, the head's transition may be anticipated and these transitions are thus classified as leaving the labor force. For the purpose of keeping the unemployment "shock" variables clean for comparison with the omitted category, at this time the difficult to classify transitions have also been included in the leaving the labor force category. For example if the "father's" pattern is EUEE this is different from the two period lag of EUUU (or EUNN etc.) so we prefer to dummy out these transitions. In the future we will separate out these transitions from the leaving the labor force category. Table 3 shows the variable means for the samples of 14-16 year olds used in the regressions.
Recall that the samples are conditional on the household head being employed in the first month and the children being related to the male household head. The labor force participation rate of the children in the third month is 24%, meaning that three quarters will be in the entry sample and only one quarter will be in the exit sample. Since we have combined children from the 6 metropolitan areas our samples are large. There are 75,724 children in the entry sample and 22,024 in the exit sample. The distribution of the type of transitions by the household head is similar for the entry and exit samples. Table 3 shows that approximately 92% of the "fathers" remain employed for the next three months, while 7% are classified into the mixed dummy of leaving the labor force. The large samples are necessary to identify the effect of these rare shocks. Only 1 percent of "fathers" experience a contemporaneous (lag 0) unemployment shock and a smaller percentage experience the lag 1 or lag 2 unemployment shock. For the exit sample, only 38 observations are classified as a lag 2 shock. Table 4 shows the results from the estimation of a probit model for labor force entry. The dependent variable is a dichotomous variable indicating whether or not the child enters the labor 6 The male household head includes the few cases in which a woman was listed as the head of the force in the fourth month, conditional on being out of the labor force in month three. Along with the variables indicating the transition patterns of the household head, independent variables in the regressions include dummies for the child's age, four categories of age for the household head, 7 categories of completed schooling for the household head, and 6 categories of completed schooling for the child. To control for differences across region and time, we included 5 region dummies (Salvador is omitted) as well as year and month dummies. The first column pools both sexes while the second and third columns are for boys and girls respectively.
The effect of the contemporaneous shock is positive and significant for all three samples.
Both girls and boys are more likely to enter the labor force in month 4 if their "father" becomes unemployed in month 4. The effects of the lagged shocks are perplexing, particularly in the case of girls. While there is no effect of the "father" becoming unemployed in the previous month, the effect of the two lag shock is large and significant for girls. Table 5 presents the marginal effects for changes in specific variables included in the regressions. Given the non-linear estimator we have evaluated the marginal effects for a baseline case of a 14 year old in a household in Salvador for which the household head is age 30-39 in the year 1982. The baseline probability of entering the labor market is 10% overall with the girls' probability nearly half of the boys'. The contemporaneous shock reduces the probability of entering by 2 to 4 percentage points, which is approximately the same magnitude as moving the head's education from 0 to 4 years of completed schooling. The results of the probit model confirm the trends described earlier in the paper. Entry rates are higher with older ages and lower over time. Table 6 shows the results of the estimation of probit models of the child's exit from the labor force. The dependent variable is a dichotomous variable indicating whether or not the child exits the labor force from the third to fourth month, conditional on being in the labor force in month three. The explanatory variables are the same as in the entry probits, with the addition of a set of variables to measure the effect of the child's being in the same industry as the "father".
While the effects of the contemporaneous shocks suggest that children are less likely to leave the labor force in month 4 when the "father" becomes unemployed in month 4, the lagged effects are again peculiar and defy any easy interpretation. Controlling for the child's industry is important household but her male spouse was present.
since the child is more likely to exit if he or she is in the same industry as the head experiencing the contemporaneous shock. Table 7 Group 1 proportion working Table 1 . Ratio of hazard rate for entry into employment for group 1 to hazard rate for group 2, given proportions initially working Note : Assumes normally distributed log wage and reservation wage with equal variances for two groups. Example: if 30% are working in group 1, and 10% are working in group 2, Group 1's hazard rate for entry into employment is 2.55 times the hazard rate for group 2. Note: Samples are conditional on the household head being employed in the first month and the children being related to the household head. 
